We present a statistical study of a very large sample of H II galaxies taken from the literature. We focus on the differences in several properties between galaxies that show the auroral line [O III] λ4363 and those that do not present this feature in their spectra. It turns out that objects without this auroral line are more luminous, are more metal-rich and present a lower ionization degree. The underlying population is found to be much more important for objects without the [O III] λ4363 line, and the effective temperature of the ionizing star clusters of galaxies not showing the auroral line is probably lower. We also study the subsample of H II galaxies whose properties most closely resemble the properties of the intermediate-redshift population of luminous compact blue galaxies (LCBGs). The objects from this subsample are more similar to the objects not showing the [O III] λ4363 line. It might therefore be expected that the intermediate-redshift population of LCBGs is powered by very massive, yet somewhat aged, star clusters. The oxygen abundance of LCBGs would be greater than the average oxygen abundance of local H II galaxies.
I N T RO D U C T I O N
The term 'H II galaxy' currently denotes dwarf emission-line galaxies undergoing violent star formation (VSF) (Melnick, Terlevich & Moles 1985) , a process by which thousands of massive stars (m 20 M ) have recently been formed in a very small volume (a few parsecs in diameter) and on the time-scale of only a few million years. H II galaxies comprise a subset of the larger class of objects referred to as 'blue compact galaxies' (BCGs). At optical wavelengths, the observable properties of H II galaxies are dominated by the young component of their stellar population and their spectra are essentially identical to those of giant extragalactic H II regions (GEHRs) in nearby spiral and irregular galaxies. The analysis of these spectra shows that many H II galaxies are metal-poor objects, some of them -IZw 18, UGC 4483 -being the most metal-poor systems known.
Although it was initially thought that H II galaxies are compact, essentially spheroidal, they in fact show a variety of morphologies, with an appreciable number of them having two or more components and showing clear signs of interactions (Telles, Melnick & Terlevich 1997) . Actually, IIZw 40, one of the first H II galaxies identified, when imaged at sufficiently high resolution, looks like the result of a merger of two separate subsystems (Melnick, Heydari-Malayeri & Leisy 1992 The study of blue, compact star-forming systems in the distant Universe is an important ingredient in galaxy formation and evolution theories. Although such systems probably were not much more powerful than many local H II galaxies, it is believed that they were much more common in the past than they are today, and therefore they harboured a great amount of the star formation density in the Universe. This fact makes high-redshift blue compact galaxies very interesting targets for observation. Unfortunately, since they are located at large distances, their study can only be carried out with a combination of the Hubble Space Telescope, providing high spatial resolution, and 10-m class telescopes, providing high collecting power. Nevertheless, data on this kind of object are accumulating fast.
Luminous compact blue galaxies (LCBGs) are defined as very luminous (M B −17.5), compact (µ B 21.5 mag arcsec −2 ) and blue (B − V 0.6) galaxies undergoing a major burst of star formation (Hoyos et al. 2004 ). According to this definition, LCBGs, as a family, include the most luminous local H II galaxies. In principle, since they belong to the general category of emission-line objects, the techniques used for their analysis are those already developed for the same class of objects in the Local Universe. However, in order to interpret these analyses properly in terms of evolution, a good comparison sample needs to be available.
There have been many studies of H II galaxies in the Local Universe, and the errors and uncertainties in the determination of their properties are supposed to be well understood. However, owing to the importance of the metallicity effects in controlling the gaseous emission-line spectra, most of these studies have been restricted to a subsample that allows a good direct determination of their chemical abundances, through the detection and measurement of the weak [O III] λ4363 line. This implies the selection of the highest-excitation objects, which, in principle, cannot be considered to be a good comparison sample.
The purpose of the present work is to analyse a large sample of H II galaxies in the Local Universe. In particular, two issues are addressed. The first one is the comparison of several observational parameter distributions for objects with and without measurements of the [O III] λ4363 emission line and the statistical analysis of the whole H II galaxy sample to define their average properties. The second one is the statistical study of a subsample consisting of the most luminous objects, local representatives of LCBGs, and its comparison to the whole H II galaxy sample.
The cosmology assumed throughout this paper is a flat universe with H 0 = 70 km s −1 Mpc −1 .
T H E S A M P L E S E L E C T I O N
We have compiled published emission-line measurements of local H II galaxies from different sources. The data gathered, together with the works we have used to compile the galaxy sample, are given in Table 1 . The vast majority of the objects selected for this study were discovered using Schmidt telescopes, searching for strong emission lines or blue colours. Sources with strong emission lines are easily detected through objective prism surveys. This technique is best suited to detect objects with high equivalent widths and line strengths. Objects with strong continua are lost in these surveys, since the emission lines are swallowed by the continuum. On the other hand, galaxies with weak lines that have evolved past their peaks of star formation but are still quite blue are found through colour selection techniques.
The objects from references 6 and 10 in Table 1 come from the Tololo (Smith et al. 1976 ) and University of Michigan (UM) (MacAlpine, Lewis & Smith 1977 ) objective prism surveys. The limiting magnitude is about 19.0. The spectroscopic observations for these samples were taken using several telescopes and detectors, and the observing conditions were not always good. Some of the observations were carried out at the Las Campanas 2.5-m telescope, using narrow apertures. These observations therefore cannot provide absolute fluxes. They were also affected by second-order contamination. The rest of the spectra were obtained using the 3.6-m telescope at ESO. The slit aperture was 8 arcsec, and the spectrophotometry is accurate to 10 per cent.
The objects from reference 7 are the brightest galaxies from the Calan-Tololo objective prism survey (Maza et al. 1989) . Its limiting magnitude is 17.5. The spectra were obtained using a variety of detectors (Vidicon, 2DF, CCDs), and the apertures used range from 2 to 4 arcsec. The spectra were flux-calibrated.
The H II galaxies from reference 19 are located in the voids of the digitized Hamburg Quasar Survey (Hagen et al. 1995) . The limiting magnitude of the objective prism survey is 18.5. The data presented in this work were gathered using the 2.2-m telescope at the GermanSpanish observatory at Calar Alto, Spain, under good photometric conditions using a 4 arcsec slit. This is enough to encompass most of the line-emitting region.
The objects from reference 15 were selected from the Case survey (Pesch & Sanduleak 1983) . This survey searches simultaneously for both an ultraviolet (UV) excess and strong emission lines. The limiting magnitude is 16.0. The data for this spectroscopic follow-up study were obtained on nine observing runs, using different telescopes and detectors. The majority of the objects in this sample were observed using charge-coupled devices (CCD) detectors, and the spectra were flux-calibrated. The slit widths used were 2.4 and 3.0 arcsec. The spatial region extracted spanned all of the line emission, but did not cover all of the continuum emission.
The objects from references 13, 14, 16, 17 and 18 were taken from the First Byurakan Survey (FBS, also known as the Markarian survey; Markarian 1967) and the Second Byurakan Survey (SBS; Markarian, Lipovetskii & Stepanian 1983) . The FBS is another objective prism survey that searches for galaxies with a UV excess, and its limiting photographic magnitude is 15.5. Selection of the SBS objects was done according to the presence of strong UV continuum and emission lines. The SBS was carried out using the same Schmidt telescope as the FBS, and its limiting photographic magnitude is 19.5. The observations presented in references 13, 14, 16 and 17 are high signal-to-noise ratio (S/N) spectra, taken with the Ritchey-Chretien spectrograph at the Kitt Peak National Observatory (KPNO) 4-m telescope, with the T2KB CCD. The slit width used was 2 arcsec, and the nights were transparent. The spectroscopic observations from reference 18 were done using the RitcheyChretien spectrograph at the KPNO 4-m telescope, and with the GoldCam spectrograph at the 2.1-m KPNO telescope. In the majority of cases, a 2 arcsec slit was used.
Initially, we compiled objects with data on, at least, Osterbrock 1989 ) and can also be used, as well as the lines of [O II] , to estimate the ionization parameter of the emitting gas. The intensities of the auroral and nebular [O III] emission lines are needed in order to derive accurate values of the electron temperature, and hence of the oxygen abundance. Objects meeting these requirements belong mostly to references 6, 10, 13, 14 and 16. For all the objects in these samples, data on the intensity and equivalent width of Hβ are provided. We have also included data from references 7 and 2, although they lack data on the Hβ equivalent width and line intensity respectively.
Our initial sample was later enlarged to include objects with the same information as above but with no data on the [S II] lines, for which a low-density regime was assumed. This is probably not a bad assumption, since the average electron density derived for the galaxies with [S II] data is around 200 cm −3 . Finally, a third enlargement was made to include objects with no reported measurements of the [O III] λ4363 line. These may correspond to objects with low surface brightness and/or low excitation, and are generally excluded from emission-line analyses of samples of H II galaxies because the derivation of their oxygen abundances requires the use of empirical calibrations that are rather uncertain (see e.g. Skillman 1989 ). These objects represent, however, a large fraction of the observed H II galaxies. Most of them have been taken from references 6, 19 and 15. The latter reference does not provide absolute intensities for the hydrogen recombination lines.
The final sample comprises 450 objects: 236 with data on the [O III] λ4363 line and 214 with no observations of this line. These data have been obtained according to different selection criteria and using different instruments and techniques, and the parent populations of the different samples used are different. The presented sample cannot be considered as complete in any sense. In particular, line-selected samples of galaxies are complete to a given line plus continuum flux, whereas colour-selected samples will be Lequeux et al. (1979) ; (2) Kunth & Sargent (1983) ; (3) French (1980) ; (4) Dinerstein & Shields (1986) ; (5) Moles et al. (1990) ; (6) Terlevich et al. (1991) ; (7) Peña et al. (1991) ; (8) Pagel et al. (1992) ; (9) Skillman & Kennicutt (1993) ; (10) Masegosa et al. (1994) ; (11) Skillman et al. (1994) ; (12) Searle & Sargent (1972) ; (13) Izotov et al. (1994) ; (14) Thuan et al. (1995) ; (15) Salzer et al. (1995) ; (16) Izotov et al. (1997) ; (17) Izotov & Thuan (1998) ; (18) Guseva et al. (2000) ; (19) Popescu & Hopp (2000) .
complete to a given apparent magnitude. The galaxy sample presented here constitutes, however, the largest sample of local H II galaxies with good-quality spectroscopic data, to our knowledge. However, the sample is very inhomogeneous, as a result of different instrumental setups, observing conditions and reduction procedures. An accuracy analysis is therefore needed. This was done by comparing the observations for a few very well-studied objects -e.g. IZw 18, IIZw 40, Mk 36 -for which several independent observations exist. We have treated them as individual data in order to examine the external observational errors. The average error in redshift determinations is 5 per cent. The average error in Hβ fluxes is 45 per cent, and the average error in the equivalent width of Hβ, W β , is 16 per cent. Bin widths in the forthcoming histograms were chosen to be wide enough to engulf these errors. It is also important to note that, however large these numbers seem to be, they were derived from the nearest, brightest and best-studied objects. These sources are sensitive to the full range of the aforementioned uncertainties, and are particularly affected by aperture issues (several components, different position angles for the slit, etc.). More distant objects will be less affected by such effects, and their measurements will probably be more accurate. The errors previously presented are likely to be upper limits to the real uncertainties. Table 1 lists the emission-line properties of the sample objects. Column 1 gives the name of the object as it appears in the reference indicated in column 2. Column 3 gives the galaxy redshift (cz). Columns 4 to 9 give the reddening-corrected emission-line intensities, relative to that of 
STAT I S T I C A L P RO P E RT I E S O F T H E G E N E R A L S A M P L E
In the study of the ionized medium of star-forming regions, the detection of the weak auroral line [O III] λ4363 constitutes an important source of information. It allows the derivation of accurate electron temperatures and hence oxygen abundances. Therefore, it is not surprising that most works on the ionized nebulae of H II galaxies focus on objects with data on this valuable line. In many sources, however, this line is not present. In nearby objects, its proximity to the Balmer Hγ line, which often shows prominent absorption wings, and the sky Hg λ4359 line complicates its measurement and the line is intrinsically weak in objects with a relatively low excitation. On the other hand, in the distant Universe, very few sources are expected to show the line since the cosmological dimming factor (1 + z)
4 , which at a redshift of only 0.4 is about 4, makes its detection very difficult. The study of the properties of sources not showing the [O III] λ4363 line is therefore of great importance in order to provide an adequate comparison sample to study the distant population of blue compact objects.
For our study we have split the total H II galaxy sample into two subsamples. Subsample Sub1 comprises 236 objects with measurements of the [O III] λ4363 line intensity. Subsample Sub2 comprises objects for which the [O III] λ4363 line is not reported or is too weak to be measured. This latter subsample consists of 214 objects.
Subsample characterization
In order to get a picture of the observable properties of both subsamples, the distributions of the following quantities were drawn: The corresponding histograms are presented in Figs 1-5. The Hβ flux and W β distributions were drawn using directly the reported data from the literature. The radial velocities were derived from the reported z values. However, in the cases in which this number was not given in the literature, the distance value from the NED data base was converted to radial velocities using the cosmology given above. The Hβ luminosities were derived from the luminosity distances and from the extinction-corrected Hβ fluxes. We have neglected the Solar system velocity with respect to the cosmic microwave background (CMB), which is 370 km s −1 . This effect can only affect the luminosity calculations of the nearest objects. However, for the vast majority of sources, this does not introduce a big error since their radial velocities are much greater. Furthermore, this additional error is engulfed by the log L(Hβ) histogram bin width. In all cases, the reddening was re-estimated from the available Balmer decrements. For the objects from reference 6 in Table 1 affected by second-order contamination, only the objects for which the Hγ /Hβ decrement was available were selected. In some cases, however, the nature of the data did not allow an accurate determination. Therefore, in order to minimize any spurious effects, objects with estimated values of the logarithmic extinction at Hβ, c(Hβ), larger than 1.5 were excluded from our analysis. Also, it is found that the extinction is low for most objects. For this reason, even if the determination of c(Hβ) is affected by several issues such as underlying absorptions or the reddening curve adopted, these factors will not have a great impact on derived quantities such as line luminosities or the [O III]λλ4959+5007/[O II]λ3727 ratio. Simple statistics on the presented distributions are given in Table 2. Table 2 also gathers the estimated error in each variable, and the bin width of the corresponding histogram. It is seen that the bin width is, in all cases, at least equal to the given error. We think that the conclusions drawn from these histograms are robust.
Several points can be made from the presented histograms. Fig. 1 shows that the observed Hβ flux from galaxies without measurements of the [O III] λ4363 is lower than the observed flux for galaxies with data on this line. There is an evident excess of Sub2 members at low observed fluxes. On average, the flux from Sub1 objects is 2.4 times greater than that of Sub2 members. In a number of cases, the non-detection of the [O III] λ4363 line will be due, not to its weakness relative to other lines, but to the general faintness of the observed emission-line spectrum. Figs 2 and 3 show the redshift and extinction distributions for both subsamples. It is seen that objects presenting the [O III] λ4363 line are located at lower distances than Sub2 members. This will make the [O III] λ4363 line easier to detect. Also, sources with the [O III] λ4363 line seem to be less affected by extinction. The majority of objects presenting the au- roral line have logarithmic extinctions lower than 0.5, while that is the average value of the extinction coefficient for subsample Sub2 sources. In some cases, the auroral line will be absorbed by dust and rendered unobservable. Fig. 3 also shows that most H II galaxies present low extinctions, c(Hβ) 0.6, implying that extinction will not be an important ingredient in the error budget. Finally, Fig. 4 shows that, in spite of all these differences, the Hβ luminosity distributions are very similar for both subsamples, Sub2 objects being marginally more luminous. Regarding ionization properties, Fig. 5 shows that Sub1 objects show higher Hβ equivalent widths. The Hβ equivalent width distributions present a different shape too. This points to an evolutionary effect, in the sense that the ionizing clusters of the objects not showing the [O III] λ4363 line might be more evolved.
The mass of the ionizing cluster
The mass of the ionizing cluster was calculated from the Hβ luminosities and equivalent widths using the following considerations. As the star cluster ages, the number of hydrogen ionizing photons per unit mass of the ionizing cluster decreases. Assuming that the age of the ionizing cluster is related to W β , a relation should exist between the number of hydrogen ionizing photons per unit mass of the star cluster and W β . Such a relation is given for single-burst models in Díaz (1999) . The expression used is
In this relation, W β,0 is the equivalent width, in angstroms, that would be observed in the absence of an underlying population, Q(H) is the number of hydrogen ionizing photons per second and M * is expressed in solar masses.
No direct information about the presence or absence of an underlying stellar population exists. However, a well-defined relation exists between W β and the degree of ionization of the nebula, albeit showing a scatter larger than observational errors. In Fig. 6 If the degree of ionization is ascribed to the age of the ionizing star cluster, it is reasonable to assume that the vertical scatter shown by the data is due to different contributions of continuum light from underlying populations. A least-squares fit is presented as a solid line. The dashed line represents an upper envelope to the data, which is located 1.5 times the rms above the fit and corresponds to the relation
The objects located on this upper envelope are likely to be the ones in which the underlying population is minimum. We have used this upper envelope to calculate the mass of the ionizing cluster. There is, however, a metallicity effect in Fig. 6 will be used here. At any rate, the derived cluster mass constitutes only a lower limit since some photons might actually be escaping from the nebula, or there might be dust globules within the ionized medium. If a significant fraction of the ionizing photons escape from the nebula unprocessed, the ionizing star cluster will appear to be less massive than it really is. On the other hand, if the dust optical depth is large within the nebula, the absorbed energy will be re-emitted at other wavelengths, and the star cluster mass will be underestimated again. Observations at other wavelengths would be required to quantify these issues. Fig. 7 presents the histograms of the ionizing cluster masses for both subsamples. The estimated error in log M * is 0.40, and the bin width is 0.5. cannot be explained by uncertainties in the reddening determination, since the typical differences in c(Hβ) observed between the two subsamples would only change the ionization ratio by 0.1 dex, much less than the observed separation of 0.6 dex. The ionization ratio was correlated with W β in Fig. 6 , which is now re-examined in order to gain insight on what effects could be responsible for the segregation observed in Fig. 8 . We begin by commenting on two possible evolutionary scenarios:
[O III]λλ;4959+5007/[O II]λ 3727 distributions
(i) Long-term evolution. In the framework of successive bursts scenario, as the continuum level and the amount of coolants rise, the O 2+ auroral line becomes fainter and might be swallowed under the continuum noise or stellar features. Objects without the auroral line would therefore show lower equivalent widths. Less luminous starbursts are not required in this scenario.
(ii) Short-term evolution of the starburst. The W β of older clusters is lower than that of younger ones simply because they are less able to produce ionizing photons. This would make the [O III] line naturally weak and unobservable even in the presence of a not-toostrong underlying population. This is likely to play a major role. Additionally, high-metallicity objects and/or very evolved ones might have a lower effective temperature, which would produce a lower diagram. It can be seen that the observed galaxies, with and without [O III] λ4363, are separated. The two subsamples lie along the relationship, but on opposite ends of it. This suggests that Sub1 objects are typically younger than subsample Sub2 objects, according to this picture.
The real picture, of course, will be a combination of the two effects.
Other, possible non-evolutionary reasons as to why the ionization ratio [O III]λλ4959+5007/[O II]λ3727 may be lowered are as follows:
(i) The ionization parameter depends on the mass of the ionizing cluster, since more massive clusters will harbour a greater number of massive stars. However, it can be seen in Fig. 7 that the distributions of cluster masses for the two subsamples greatly overlap. Furthermore, Fig. 9 shows that objects without [O III] λ4363 have a lower ionization ratio than objects with the auroral line even for the most (ii) If the electron density is higher than the [O II]λ3727 transition critical density, the ionization ratio is reduced. In particular, its value at N e = 10 4 cm −3 is 3.75 times smaller than its value at N e = 200 cm −3 . Since H II galaxies have an electron density that is well below the critical density, this option is not likely to be responsible for the observed differences in
However, it is a possibility for some objects.
(iii) Geometry, dust content and photon escape may play a part. If an important fraction of the ionizing photons escape the nebula, the ionization parameter is low for geometrical reasons. Or if a significant fraction of high-energy photons are absorbed by dust within the nebula, this would weaken the O 2+ auroral line. These phenomena might be partially responsible for the segregation observed in the
M E TA L L I C I T Y A NA LY S I S
The detection or non-detection of the [O III] λ4363 line is affected by several purely observational factors, such as distance to the observed galaxy, galactic extinction and quality of the spectrum, that should not correlate with the oxygen abundance. However, high oxygen abundances, implying low electron temperatures in the gas, could render the line too weak to be detected since the intensity of this auroral line depends on electron temperature. There are then two extreme cases.
(i) The objects in subsample Sub2 are, on average, more metalrich than the Sub1 objects. The [O III] auroral line would then be naturally weak, and the absence of this line in a particular spectrum would bias the oxygen abundance of the ionized gas of a given galaxy towards higher metallicities. There should be a separation in excitation between subsamples Sub1 and Sub2 in this case. It is seen in Fig. 8 that this is indeed the case. However, it has to be borne in mind that a simple age effect would produce the same effect on the excitation and equivalent width distributions.
(ii) The objects that do not show the [O III] λ4363 line have higher extinctions, their continuum is stronger or they are affected by other observational problems. This may cause the auroral line to be swallowed in the continuum noise. The non-detection of the auroral line would then be an observational issue only, and the presence or absence of this line in the spectrum of a galaxy should not bias its metallicity in any way.
Since our present knowledge of the metallicity distribution of H II galaxies comes from the analysis of samples for which the [O III] λ4363 line is observed, it is important to check if the metallicity distributions of subsamples Sub1 and Sub2 really differ.
Metallicity analysis for Sub1 objects
For subsample Sub1, the oxygen abundance was derived through the determination of the electron temperature using the The oxygen abundance distribution derived for subsample Sub1 is presented in the histogram in Fig. 10 . It is very similar to the oxygen content histogram presented in Terlevich et al. (1991) in both average value and scatter.
Metallicity analysis for Sub2 objects
For subsample Sub2, the procedure to estimate the metallicity is more complicated.
Objects with nitrogen measurements
It was possible to derive oxygen abundances for 81 out of the 214 sources using the N2 calibration introduced in Denicoló, Terlevich & Terlevich (2002): 12 + log(O/H) = (9.12 ± 0.05) + (0.73 ± 0.10) × log(N 2) where N2 is the [N IIλ6584]/Hα ratio. It was shown in Pérez-Montero & Díaz (2005) that, in the case of H II galaxies, this calibration produces good results. The average metallicity of this set of 81 sources is 8.50 dex, and the rms is 0.27 dex. The minimum oxygen abundance is 7.8 dex. This group of galaxies is somewhat biased towards higher oxygen abundances with respect to Sub1 sources.
S/N approach and use of Pilyugin's calibration
We have also used another independent approach to derive the oxygen content of Sub2 sources. First, we have used the signal-to-noise ratio (S/N) of each spectrum, when available, to find an upper limit to the [O III] λ4363 line strength. This allows us to impose an upper limit on the electron temperature and hence a lower limit to the oxygen abundance. Only references 6, 15, 18 and 19 in Table 1 provide the necessary information to carry out this first task. This set of objects consists of 210 objects. Once such lower limits are calculated, those objects for which the lower limit to 12 + log (O/H) was greater than 8.15 dex (104 objects) were selected and their oxygen abundance was derived using the calibration for the upper branch of the R 23 versus 12 + log(O/H) plot by Pilyugin (2000) . 2 The value of 12 + log(O/H) derived in this way turns out to be larger than 8.15 only in 59 cases. There are, however, 33 objects whose metallicities fall in the range from 7.95 to 8.15, within the statistical error of the calibration used. These metallicities are then still compatible with our assumption of 12 + log(O/H) 8.15. The remaining 12 objects for which the derived metal content is lower than 7.95 were excluded from the analysis. There are therefore 92 sources for which the calibration from Pilyugin (2000) gives potentially reliable results. This set of 92 sources has 17 objects in common with the 81 sources previously mentioned with metallicities derived from the [N II] λ6584 line. For these 17 objects both determinations of the oxygen abundance agree in the mean (the mean value of the difference is 0.01 dex), although the scatter is rather large (rms = 0.25). The residuals are found not to depend on the ionization ratio.
The metallicity distribution for this set of 92 objects is compared to that of Sub1 galaxies in Fig. 11 . It can be seen that the two distributions overlap and show high power at around the same metallicities. The biggest difference arises around 12 + log(O/H) = 8.00, at which there is almost a factor of 2 difference in the fraction of objects, but otherwise the distributions are similar. It is also interesting to note that there are objects with [O III] λ4363 at all oxygen abundances traced by objects without the line, even at fairly high oxygen abundances like 8.6 dex. For relatively metal-rich objects, i.e. 12 + log (O/H) 7.95, those without the auroral line are only around 0.1 dex more metal-rich than objects showing the line, according to the calibration used.
In order to investigate the extent to which this method is affected by the differences in ionization degree among our objects, we have examined the dependence of the derived oxygen abundances on the
ratio. This is shown in Fig. 12 . It is seen that at low ionization, i.e. [O III]λλ4959 + 5007/[O II]λ3727 less than 1.0, the metallicity scatter for Sub2 objects is rather large. Some galaxies have a derived metallicity of around 9.2 dex, and the lowest metallicities derived for Sub2 galaxies are also found in this regime. It is also interesting to note that, at high ionizations, it is possible to find Sub1 sources in a quite large range of oxygen abundances. As a sanity check to test this method, it is applied to Sub1 sources. Fig. 13 shows the metallicity residuals, log (O/H) Pilyugin (2000) calibration provides reliable results, perhaps underestimating the metallicity for low-ionization objects by around 0.2 dex, even less for highionization objects.
We now turn to examine the Pilyugin (2000) algorithm more closely. This method is based on a concept that may be named 'metallicity equivalence class'. For the upper branch, this means that objects with equal ionization and equal R 2 = [O II]λ3727/Hβ have equal oxygen abundances.
According to Pilyugin (2000 Pilyugin ( , 2001 , the following quantities are defined: R 2 = [O II]λ3727/Hβ, X 2 = log R 2 ; R 3 = [O III]λλ4959 + 5007/Hβ, X 3 = log R 3 ; R 23 = R 2 + R 3 , X 23 = log R 23 ; p 2 = X 2 − X 23 and p 3 = X 3 − X 23 . Only sources from the Sub1 subsample are plotted; and 58 galaxies are presented. It is seen that Pilyugin's (2000) calibration has underestimated the oxygen content of these sources, specially at low ionizations. At higher ionizations, the residuals are closer to zero. Figs 14 and 15 present X 2 versus p 2 for both subsamples, and only for subsample Sub2, respectively. Objects belonging to the same 'metallicity equivalence class' lie on the same straight line. The metallicity depends on the intersection at p 2 = 0 of these lines. It can be seen that very few Sub1 objects lie at values p 2 −0.3, while many Sub2 objects occupy that area. This suggests that the Pilyugin (2000) method may not be adequate for low-ionization sources, since the calibration therein was constructed using objects for which it was possible to derive oxygen abundances by direct methods.
In the low-ionization limit, the upper branch of the Pilyugin (2000) 
In this expression, when the [O III]/[O II
] ratio is very low, the calibration becomes sensitive to R 2 only. The large scatter in X 2 observed in Fig. 15 for low-ionization ( p 2 −0.3) Sub2 objects will therefore introduce a large scatter in oxygen content for these sources, which is probably unphysical since it is not observed in low-ionization sources from the first subsample in Fig. 12 .
It is then necessary to recalibrate the 12 + log (O/H) versus R 23 relation for objects of very low ionization degree. In order to do this, we have used a sample of low-ionization objects for which the oxygen abundance can be determined using direct methods. This sample has been selected from Pérez-Montero & Díaz (2005) and is given in Table 3 . The calibration is shown in Fig. 16 .
A simple linear fit of 12 + log (O/H) versus log R 23 gives
whose rms is 0.3 dex. This new calibration allows one to re-derive the oxygen abundance for Sub2 sources of very low ionization. This change in the metallicity derivation for low-ionization objects represents an improvement, as can be seen in Fig. 17 , in which the oxygen content of low-ionization sources were calculated using the empirical calibration given above. The large metallicity scatter of low-ionization sources from subsample Sub2 has been greatly reduced. The behaviour observed in Fig. 17 is compatible with the evolutionary models and data presented in Stasińska, Schaerer & Leitherer (2001) . The galaxies presented in Fig. 17 overlap with the bulk of the data points presented in that work.
It was also mentioned above that Fig. 12 shows that, in the case of objects from the subsample with [O III] λ4363, the high-ionization objects are observed at all metallicities; on the other hand, at low ionizations only objects with average oxygen abundances are seen. In the case of the 92 objects from the second subsample, there is also a positive correlation between oxygen content and ionization degree. The existence of this positive correlation was ascertained using Spearman's test on the data presented in Fig. 17 . For all practical purposes the test indicated the existence of a fairly strong (ρ = 0.44) positive correlation. This correlation is worrying since higher-metallicity nebulae should show lower ionization degrees unless the ionizing radiation is unusually hard. However, it is seen in Fig. 13 that the upper branch of the Pilyugin (2000) calibration underestimates the oxygen content for sources of lower ionization degree. This means that sources with lower ionization ratios, i.e. log([O III]λλ4959+5007/[O II]λ3727) 0.6, probably have higher metallicities than those derived from the Pilyugin (2000) calibration, suggesting that this unphysical correlation is an artefact introduced by the calibration itself. This also indicates that objects with both high oxygen abundance and high ionization degrees do exist, since the Pilyugin (2000) calibration becomes better at high ionization ratios. These sources are likely to be powered by very hot radiation sources.
Summarizing, using the N2 calibration for the objects from subsample Sub2 with the [N II] λ6584 line available (81 objects), the empirical calibration for low-ionization objects presented above (seven galaxies) and the Pilyugin (2000) calibration for the upper branch Figure 16 . The 12 + log (O/H) versus log R 23 calibration for lowionization objects. This empirical calibration is used for low-ionization sources from the second subsample.
(68 objects) of the 12 + log (O/H) versus log R 23 relation for highionization sources, the new metallicity distribution for the subsample without [O III] λ4363 can be compared to the oxygen abundance distribution for the first subsample. This comparison is presented in Fig. 18 . Fig. 18 shows that the oxygen abundance distributions for both subsamples do differ. Objects without the auroral line are, on average, at least 0.4 dex more metal-rich than objects with it. Therefore, it is concluded that objects without the [O III] λ4363 line are likely to be of higher metallicity than objects with it. In addition, very low-ionization objects are only found among objects that do not show [O III] λ4363. Finally, Fig. 19 shows the relation between metallicity and ionization ratio for all objects for which an oxygen abundance has been derived. As expected, the global correlation is negative, and the two subsamples create a well-defined sequence. The objects for which the oxygen abundance was derived either from the calibration presented above or from the upper branch of the Pilyugin (2000) calibration lie on the region shared by the first subsample and the objects with [N II] λ6584 measurements from the second subsample. The calibration used makes their oxygen abundances those of objects with [O III] λ4363 of similar ionization ratio. However, Fig. 13 shows that for low-ionization sources with [O III] λ4363, the use of the Pilyugin (2000) calibration underestimates the oxygen abundance by 0.15 dex. This opens the possibility that the oxygen content of low-ionization subsample Sub2 sources whose metallicity was derived using the Pilyugin (2000) expressions or the low-ionization calibration introduced here might be underestimated. If this turns out to be the case, and some fraction of these low-ionization sources actually lies closer to the other members of the second subsample with nitrogen measurements in Fig. 19 , the separation in oxygen abundance between subsamples Sub1 and Sub2 would be somewhat larger.
T H E L C B G -L I K E S U B S A M P L E
Luminous compact blue galaxies (LCBGs) are the high-luminosity end of BCGs. They are operationally defined as luminous (M B more luminous than −17.5), blue (B − V bluer than 0.6) and compact (µ B 21.5 mag arcsec −2 ) systems. Their spectra indicate that they are undergoing a major starburst, which produces a significant fraction of their light output. This starburst enhances their surface brightnesses, making it possible to see them at large distances. Hubble Space Telescope images of LCBGs show the presence of an important underlying stellar population too. Spectroscopic studies of LCBGs can be found in Guzmán et al. (1997) , Phillips et al. (1997) and Hoyos et al. (2004) . HST imaging is presented and discussed in Koo et al. (1994) and Guzmán et al. (1998) . In Guzmán et al. (1997) , LCBGs are divided into H II-like and nuclear starburst-like types. The work presented in Hoyos et al. (2004) further highlights the similarities between LCBGs and the most luminous H II galaxies. Table 1 . Open squares are objects from references 13, 16, 17 and 18. Small symbols: galaxies further than cz = 3600 km s −1 . Medium symbols: galaxies in the range 1800 cz 3600 km s −1 . Large symbols: galaxies nearer than 1800 km s −1 .
Definition of LCBG-like H II galaxies
At least some fraction of the population of intermediate-redshift LCBGs can be considered to be very similar to bright, local H II galaxies [see again Guzmán et al. (1997) , Phillips et al. (1997) and Hoyos et al. (2004) ]. We here define LCBG-like H II galaxies as the subsample of local H II galaxies whose properties resemble those of higher-redshift LCBGs.
In order to extract such a subsample of local H II galaxies with properties similar to those of higher-redshift LCBGs, the first step is to find galaxies more luminous than M B = −17.5 in the sample studied here. The approach we adopt is to represent the observed blue absolute magnitude (M B ) versus the estimator of the blue absolute magnitude presented in Terlevich & Melnick (1981) (B c ):
This calibration is introduced to take into account possible aperture/distance or line contamination effects. The number B c only probes the continuum strength of the fraction of the galaxy that fell inside the slit, but the blue absolute magnitude is sensitive to all light within the passband. This calibration tries to correct for these effects with the aim of deriving an estimate of the blue absolute magnitude for the galaxies we are studying. The calibration is shown in Fig. 20 . This plot presents M B versus B c for the galaxies from references 13, 16, 17, 18 and 19 in Table 1 for which M B was available. In the case of galaxies from the Hamburg Quasar Survey, M B was reported in Popescu & Hopp (2000) . In the case of galaxies from the First and Second Byurakan Surveys, M B was found in the NED or HyperLeda 3 data bases. The straight line shown is a least-squares fit to the calibration. The fitting expression is M B = (0.64 ± 0.06)B c − (6.3 ± 1.0).
Its scatter is around 1.0 mag, and the residuals are found not to depend on log (slit width × cz). In Fig. 20 , B c was calculated using spectra with slit widths of 4 arcsec (Popescu & Hopp 2000) and 2 arcsec (objects from the Byurakan surveys). Most spectra in this work were taken with apertures between these two sizes, so the above calibration can be applied for them. Aperture effects for spectra taken with larger apertures or of more distant objects will probably be less important. According to this calibration, objects belonging to the LCBG-like subsample are required to have B c lower than −17.5, which is the limit adopted. The colour requirement was not straightforward to apply, because not many B − V colours for the H II galaxies included in the sample were available in the literature. For this reason, a simple alternative method, based on spectroscopic criteria, had to be developed.
The galaxy sample presented in Cairós et al. (2001a,b) provides B − V colours for a sample of 28 blue compact galaxies, six of which appear in the Terlevich et al. (1991) catalogue. This smaller sample is shown in Table 4 . The adopted approach is to derive a least-squares fit to the observed colours as a function of the continuum strength ratio
The fit is
Using this expression, the colour condition is translated into 1.57 x, which is the condition applied. Unfortunately, not all references report the observed equivalent widths of the two oxygen lines required. Again, only the Terlevich et al. (1991) catalogue provides all the information.
However, all the objects from Terlevich et al. (1991) that show [O III] λ4363 included in the present sample meet this requirement, and 96 per cent of the objects without the auroral line from the Terlevich et al. (1991) sample also match the condition. Therefore, it is assumed that all the H II galaxies studied satisfy this condition. This is not surprising, since the objects presented here were selected from objective prism surveys searching for either strong emission lines or UV excesses. The Tololo and UM surveys, looking for strong lined objects, will pick up very blue objects, or compact starbursts with a weak continuum due to the presence of massive, young blue stars. The Markarian or Byurakan surveys, searching for galaxies presenting a UV excess, naturally select blue objects. In addition, in these surveys, the photographic plates were more blue-sensitive.
Unfortunately, no constraint on the surface brightness or halflight radius can be used with the data at hand. Galaxies satisfying the first two criteria are said to belong to the LCBG-like sample.
In total, 50 objects from subsample Sub1 and 117 sources from subsample Sub2 were selected. These 167 objects are considered to be LCBG-like H II galaxies.
Properties of LCBG-like objects
The aim of this work is to see where LCBG-like sources properties fit within the frame of H II galaxies in general. In order to do this, the distributions of several quantities were drawn. Figs 21-28 give the corresponding distributions of the quantities. Fig. 21 indicates that LCBG-like H II galaxies are mainly found at large distances. Only a tiny fraction of LCBG-like sources are located at redshifts lower than ∼0.01, while this is the median value of the redshift distribution for less luminous systems. Fig. 22 shows that the observed Hβ flux distribution from LCBG-like objects is remarkably similar to that of the whole sample. In Fig. 23 it is seen that almost all LCBG-like galaxies have Hβ luminosities greater than 10 40 erg s −1 . Only around 20 normal H II galaxies out of 242 are found with line luminosities greater than 10 41 erg s −1 . This suggests that a line luminosity around 3 × 10 40 erg s −1 might be considered as the cut-off for H II galaxies similar to LCBGs. This is a very important difference, since it means that this bright subsample of H II galaxies is powered by a greater number of stars. This is confirmed in Fig. 24 , which presents the log M * distribution for both samples. It is seen that LCBG-like H II galaxies have ionizing cluster masses greater than 10 6 M . Only 20 lower-luminosity H II galaxies have clusters that massive. However, since the calculated masses are only lower limits to the actual values due to photon escape, the presence of dust and the systematic error in the starburst equivalent width introduced by the underlying, nonionizing population (partially corrected for by the use of the upper envelope of the W β versus log([O III]/[O II]) presented in Fig. 6 ), LCBG-like H II galaxies will harbour an ionizing cluster much more massive than this limit. This is the single, most important, difference between LCBG-like H II galaxies and lower-luminosity systems.
The extinction distribution, shown in Fig. 25 , indicates that there is a lack of LCBG-like sources with very low extinctions. At higher dust contents, c(Hβ) 0.30, the two distributions follow each other rather closely, though. This distribution also shows that bright H II galaxies are not affected by uncertainties in the extinction to a greater extent than the rest of the galaxies studied. Fig. 26 shows the existence of an upper limit to the equivalent width of the more luminous systems of around 200 Å . The median values are 46.5 Å for the LCBG-like subsample and 77.5 Å for the remaining less luminous systems. These numbers show that large equivalent widths are mainly found among low-luminosity H II galaxies and young starburst ages. Therefore, LCBG-like H II galaxies have probably built larger underlying stellar populations. This is further supported by the fact that the LCBG-like histogram shows a higher occupation number at very low equivalent widths. Fig. 27 shows that the excitation is lower in LCBG-like H II galaxies. This suggests that the ionizing star clusters of LCBG-like H II galaxies are probably more evolved than those of less luminous H II galaxies. The oxygen abundance of LCBG-like systems compared to the whole sample can be seen in Fig. 28 . This plot shows that there is a slight bias in the metal content. LCBG-like galaxies never show oxygen abundances lower than 7.6. At the same time, a very metalrich object is more likely to be an LCBG-like galaxy. However, there seems to be no relationship between metallicity and luminosity since LCBG-like galaxies span pretty much the same metallicity range as the bulk of the whole sample of H II galaxies. In addition, Fig. 28 shows that the observed differences in the distributions of the ionization ratio shown in Fig. 27 cannot arise from a metallicity effect.
It is also enlightening to see whether LCBG-like galaxies are similar to H II galaxies with [O III] λ4363, or if they resemble H II galaxies without the auroral line. In order to do this, the dot product between the LCBG-like subsample and both Sub1 and Sub2 probability densities presented above (i.e. the histograms) were derived. Even though the probability densities for subsamples Sub1 and Sub2 are not orthogonal for any property studied, this should indicate which subsample is more similar to LCBG-like galaxies. line, it is likely that this object will present a massive underlying stellar population, high metallicity and low ionization. 
S U M M A RY A N D C O N C L U S I O N S
We have conducted a statistical study of a very large spectroscopic sample of H II galaxies from the literature. We have compared galaxies with and without the [O III] λ4363 line, and we have defined a control sample that can be used to investigate the nature of LCBGs at intermediate z.
It has been found that Hβ fluxes are larger for objects showing the [O III] λ4363 line, even though the Hβ luminosity distributions for galaxies with and without the auroral line are very similar. This is in part because objects not showing the auroral line are more distant and their extinction is higher. However, it has been shown that the non-detection of the [O III] λ4363 line is a real metallicity effect for at least some fraction of cases. Objects without the auroral line are about 0.4 dex more metal-rich than objects from subsample Sub1. The analysis of the [O III]/[O II] to 12 + log(O/H) relationship reveals the existence of high-ionization, metal-rich objects without the auroral line. Objects from the second subsample are found to harbour more massive star clusters, although the differences in excitation between the two subsamples indicates that Sub2 sources are probably powered by somewhat older star clusters.
LCBG-like sources are clearly further away than the average local H II galaxy. The Hβ luminosities of LCBG-like systems are much greater. This is a very important difference between the two subsamples. We have also found that their ionizing star clusters are more massive than those of lower-luminosity H II galaxies. LCBG-like H II galaxies have been found to possess larger (and hence probably older) underlying populations, and their ionizing star clusters are also more evolved and massive. LCBG-like sources are marginally more metal-rich than the average H II galaxy, but not enough to explain the observed differences in the ionization ratio [ We have also shown that LCBG-like sources are more similar to objects without the auroral line [O III] λ4363, implying that any local control sample designed to study high-redshift LCBGs is to be made of galaxies not showing the [O III] λ4363 line. If one observes a distant LCBG and is unable to detect the [O III] λ4363 line, it is likely that this object will present a massive underlying stellar population, high metallicity and low ionization.
